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INTRODUCTION 

Impending s h o r t a g e s  of good c o k i n g  c o a l s  th roughout  t h e  world have  
prompted a series of  i n v e s t i g a t i o n s  a t  CANMET (Canada C e n t r e  f o r  Minera l  a n d  Energy 
Technology) i n t o  t h e  u t i l i z a t i o n  o f  w e s t e r n  Canadian m a r g i n a l  c o k i n g  c o a l s  i n  t h e  
p r o d u c t i o n  of m e t a l l u r g i c a l  g r a d e  coke .  One p o s s i b l e  way t o  do t h i s  i s  t o  add 
res iJual  p i t c h  from thermal h y d r o c r a r k i n g  of b i tumen and heavy o i l s  t o  s u c h  c o a l s  
( 1 ) .  T h i s  p i t c h  h a s  been found t o  b e  an e x c e l l e n t  a d d i t i v e  f o r  up-grading  low 
f l u i d ,  low v o l a t i l e ,  i n e r t - m a c e r a l  r i c h  c o a l s .  The p i t c h  a c t s  a s  a f l u i d i t y -  
e n h a n c i n g  a g e n t ,  and by i n t e r a c t i n g  w i t h  t h e  v i t r i n i t e  o f  t h e  c o a l ,  augments t h e  
s u p p l y  o f  r e a c t i v e  c a r b o n  n e c e s s a r y  f o r  bonding  t o g e t h e r  of i n e r t  m a c e r a l s .  

The p u r p o s e  of t h i s  p u b l i c a t i o n  is t o  add  f u r t h e r  i n s i g h t  i n t o  t h e  r o l e  
of p i t c h  i n  c a r b o n i z a t i o n  o f  c o a l / p i t c h  b l e n d s .  P i t c h e s  d e r i v e d  from thermal  
h y d r o c r a c k i n g  o f  bitumen a t  d i f f e r e n t  d e g r e e s  of s e v e r i t i e s  were u t i l i z e d  f o r  t h i s  
p u r p o s e .  T h i s  p r o v i d e d  a means o f  a s s r s s i n g  t h e  p r o p e r t i e s  of t h e  p i t c h e s  i n  t h e  
c a r b o n i z a t i o n  p r o c e s s  w i t h o u t  c h a n g i n g  t h e  b a s i c  c h e m i c a l  n a t u r e  o f  t h e  p a r e n t  
m a t e r i a l .  

EXPERIMENTAL 

The p r o p e r t i e s  o f  t h e  p i t c h e s  d e r i v e d  from thermal  h y d r o c r a c k i n g  o f  
Athabasca  bitumen under  v a r i o u s  o p e r a t i n g  c o n d i t i o n s  a r e  g iven  i n  Table  1. These 
four p i t c h e s  were produced  under  d i f f e r e n t  d e g r e e s  of s e v e r i t y  d u r i n g  t h e  p r o c e s s  
A b e i n g  c h a r a c t e r i s t i c  o f  p i t c h  o b t a i n e d  under  r e l a t i v e l y  mi ld  c o n d i t i o n s  and  D ,  
o f  p i t c h  o b t a i n e d  a t  h i g h  s e v e r i t i e s .  A r r l a t i o n  was found t o  e x i s t  betwcen t h e  
d e g r e e  o f  s e v e r i t y  d u r i n g  h y d r o c r a c k i n g  and t h e  v a r i o u s  p r o p e r t i e s  l i s t e d  i n  
T a h l e  1 (e .g .  CCR, a r o m a t i c i t y ,  s o f t e n i n g  p o i n t ) .  

TABLE 1 

P h y s i c a l  and Chemical P r o p e r t i e s  o f  P i t c h e s  

Vola t i l e  matter % 
Ash % 
S o f t e n i n g  t e m p e r a t u r e  O C  

Conradson c a r b o n  r e s i d u e  % 
S p e c i f i c  g r a v i t y  
Benzene- inso lubles*  
A s p h a l t e n e s  % 
H / C  
S u l p h u r  % 
Aromat ic i ty**  % 
-- 

A 

73.1 
1.8 

50 
34.7 
1.10 
2.6 

37.2 
1 . 3 2  
5 .58  

- 

3 8 . 2  

- 
B 

64.8 
2 . 3  

9 5  
42.2 
1.12 
4.2 

4 4 . 6  
1 . 1 5  
5.6: 

- 

49.4 

tch  
C 

53.5 
3 .2  

50.7 

11 .6  
48.1 

105 

1 . 1 6  

1 . 0 9  
6.33 

56 .3  

___ 
D 

44.6  
- 

5 . 8  
135 

64.6 

20.6 
55.2 

1 .24  

0 .94  
4 .85  

69 .8  -_ * Ash-free b a s i s ,  ** 1% NMR a n a l y s i s  
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The c o a l  used was a w e s t e r n  Canadian,  low f l u i d ,  h i g h  rank  b i t u m i n o u s  
c o a l  h a v i n g  a r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  o f  i n e r t  m a c e r a l s .  
and  P e t r o g r a p h i c  a n a l y s e s  of t h i s  c o a l  a r e  g i v e n  i n  T a b l e  2 .  

Proximate ,  u l t i m a t e  

TABLE 2 

P r o p e r t i e s  o f  t h e  Coal 

Proximate  A n a l y s i s  ( d r y  b a s i s )  

Ash % 9.8  
V o l a t i l e  m a t t e r  % 21.2 
Fixed Carbon % 69.0 

U l t i m a t e  A n a l y s i s  

Carbon % 78.9 
Hydrogen % 4.3  
Sulphur  % 0.8  
N i t r o g e n  % 1 . 3  
Oxygen (by d i f f . )  % 4.9 
Ash % 9.8 

P e t r o g r a p h i c  A n a l y s i s  

V i  t r i n i t e  v o l .  % 51.8  
Semi-f u s i n i  t e  v o l .  % 34.2 
F u s i n i  te v o l .  % 1 1 . 2  
M i c r i n i  t e  v o l .  % 2 . 6  
E x i n i t e  v o l .  % 0 .2  

1.17 RO 
Mean r e f l e c t a n c e  i n  o i l ,  

C o a l f p i t c h  b l e n d s  w i t h  v a r y i n g  p i t c h  c o n c e n t r a t i o n s  were p r e p a r e d  and 
t h e i r  f l u i d i t i e s  de te rmined  by means of a G i e s e l e r  p l a s t o m e t e r .  The f l u i d i t i e s  of 
t h e  v a r i o u s  b l e n d s  a r e  r e p o r t e d  i n  Table  3 .  
of p i t c h  which can p o t e n t i a l l y  i n t e r a c t  w i t h  t h e  c o a l  d u r i n g  c a r b o n i z a t i o n ,  Cp,  is  
a l s o  g i v e n  i n  Table  3. 

A v a l u e  r e p r e s e n t i n g  t h e  c o n c e n t r a t i o n  

Cp was c a l c u l a t e d  on t h e  f o l l o w i n g  b a s i s :  

where CCR i s  t h e  Conradson carbon r e s i d u e  (2) and approximates  t h e  c o n t r i b u t i o n  of 
carbonaceous  m a t e r i a l  made by t h e  p i t c h  t o  t h e  b lend  d u r i n g  c a r b o n i z a t i o n .  

The v a r i o u s  c o a l l p i t c h  b l e n d s  were  c a r b o n i z e d  u s i n g  a c a n i s t e r  c o k i n g  
techniqu  developed  a t  CANMET ( 3 ) .  The b l e n d s  were packed t o  a b u l k  d e n s i t y  o f  
801  kg/m i n t o  p e r f o r a t e d  t i n  p l a t e  c a n i s t e r s  2 9 . 3  cm l o n g  and 1 .6  cm i n  d i a m e t e r .  
Twenty c a n s ,  each  c o n t a i n i n g  a d i f f e r e n t  b l e n d  were s ide-charged  i n t o  CANMET'S 
250-kg moveable w a l l  coke  oven.  

5 .  

The r e l a t i v e  s t r e n g t h s  of t h e  cokes  produced from t h e  c a n i s t e r  test were 
de te rmined  by a small sample tumbler  t e s t  deve loped  by Bituminous Coal Research  
(BCR) (4)  and a r e  r e p o r t e d  i n  Table  3 .  These s t r e n g t h  i n d i c e s  are a measure of  
s i z e  r e d u c t i o n  i n  tumbled coke p a r t i c l e s  and t h e r e f o r e  a l a r g e  i n d e x  c o r r e s p o n d s  
t o  a weak coke.  

O p t i c a l  e x a m i n a t i o n s  of t h e  v a r i o u s  cokes were made w i t h  a L e i t z  r e f l e c -  
t e d  l i g h t  microscope u s i n g  an o i l  immersion l e n s .  The micrographs  were  t a k e n  a t  
6OOX m a g n i f i c a t i o n  u s i n g  p a r t i a l l y  c r o s s e d  n i c o l s .  
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TABLE 3 

C a r b o n i z a t i o n  Data  f o r  Coal P i t c h  B lends  

3 7 0  
39.0 

9 . 1  

P i t c h  A 

c o n t r i b u t i o n  o f  c a r b o n  
f r o m  p i t c h .  Cp 

F l u i d i t y  of b l e n d  
BCR* s t r e n g t h  i n d e x  

P i t c h  B 

C o n t r i b u t i o n  o f  c a r h o n  
from p i t c h ,  Cp 

F l u i d i t y  o f  b l e n d  
BCR* s t r e n g t h  i n d e x  

P i t c h  C 

C o n t r i b u t i o n  o f  c a r b o n  
from p i t c h ,  C 

F l u i d i t y  o f  b l egd  
BCR* s t r e n g t h  i n d e x  

P i t c h  D 

C o n t r i b u t i o n  o f  c a r b o n  
f r o m  p i t c h ,  Cp 

F l u i d i t y  of  b l e n d  
BCR* s t r e n g t h  i n d e x  

400 
40 .3  

10.4 

% 

ddlmin 

% 

ddlmin 

% 

ddlmin 

% 

ddlmin 

Conc 
0 
- 

N i l  

N i l  
N/A** 

N i  1 

N i  1 
N/A** 

N i l  

N i  1 
N/A** 

N i l  

N i l  
M I A * *  

__ 
t r a t :  __ 

5 __ 

1 .5  

1.9 
49.0 

2.1 

1 . 5  
53.8 

2 .6  

1.1 
52.7 

3 . 3  

1.0 
57.8 

__ 

8 
~ 

2.4 

6 . 1  
36.4 

3 . 3  

5 . 7  
35.3 

4 . 1  

5 .0  
36.7 

5.2 

4 .o 
53.1 

__ 
i t c h  

10  
__ 
__ 

3 .1  

6 . 4  
38.2 

4 . 1  

7 . 1  
34.5 

5.0 

1 3 . 0  
36.9 

6 .5  

6 .8  
35 .1  

n Blend w t  % 
'x-pi- 

7.1 I 8.2 

* Bituminous Coal  Kesea r rh  I n c . ,  P i t t s b u r g h ,  P.A. 
** A non-agglomerated c h a r  was produced 

RESULTS AND DISCUSSION 

A pho tograph  showing t w o  r e p r e s e n t a t i v e  cokes  from t h e  c a n i s t e r  t e s t  is  
shown i n  F i g .  1. The coke  shown a t  t h e  top was produced from c o a l  w i t h  no  p i t c h  
a d d i t i v e  and  was p o o r l y  agg lomera ted .  The coke a t  t h e  bot tom was agg lomera ted  and 
h a r d  and was t y p i c a l  o f  cokes  produced from c o a l l p i t c h  b l e n d s .  The former coke 
c o u l d  n o t  b e  e v a l u a t e d  by t h e  BCR tumbler  tes t  because  of i t s  non-agglomerated 
c h a r a c t e r .  The s t r e n g t h  i n d i c e s  of t h e  cokes  produced from c o a l l p i t c h  b l e n d s  a r e  
g i v e n  i n  Tah le  3 .  

The s t r e n g t h s  o f  t h e  cokes produced from b lends  c o n t a i n i n g  p i t c h  A a n d  
p i t c h  B were n o t  f o u n d  t o  va ry  s i g n i f i c a n t l y  f o r  p i t c h  c o n c e n t r a t i o n s  above 5 % .  On 
the  o t h e r  hand .  a d d i t i o n s  of more than  10% p i t r h  i n  r o a l l p i t r h  C and  c o a l l p i t c h  I) 
b l e n d s  were found t o  b e  d e t r i m e n t a l  t o  coke s t r c n g t h .  Thr i n f l u e n c e  o f  ? i t c t l  
c o n c e n t r a t i o n  on coke  s t r e n g t h  was t h e r e f o r e  more pronounced f o r  p i t c h  o b t a i n e d  
from h igh  s e v e r i t y  t h e r m a l  hydroc rack ing  r u n s .  I t  would h e  d i f f i c u l t  t o  p r e d i c t  
an e x a c t  optimum p i t c h  c o n c e n t r a t i o n  hascd s o l e l y  o n  t h e  r e s u l t s  r e p o r t e d  i n  
T a b l e  4 f o r  m a l l p i t c h  D b l e n d s .  

C n a l l p i t c h  h l c n d s  hav ing  Cp v a l u p s  i n  e x c s s s  o f  a b o u t  7 %  produced cokes 
of  p r o g r r s s i v e l y  weaker  s t r p n g r h s .  The Conradson carhon r e s i d u c  ( C C R )  c o n t e n t s  o f  
p i t c h e s  A a n d  H were  s u f f i c i p n t l y  l o w  t o  p e r m i t  a d d i t i o n s  o f  up t o  1hX p i t c h  to  t h e  
Coal  withot i t  CP  valut2s o f  t he  hlend e x c e d i n g  77,. T h i s  Would accoun t  f o r  t h e  l a c k  
of a minimum i n  IlCR s t r e n g t h  index  f n r  cokes produced from b lends  c o n t a i n i n g  p i t c h  
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A and p i t c h  B w i t h i n  t h e  c o n c e n t r a t i o n  r ange  i n v e s t i g a t e d .  

F l u i d i t y  d a t a  f o r  t h e  v a r i o u s  b l e n d s  a r e  summarized i n  Tab le  3. 
mlrked i n c r e a s e  i n  t h e  f l u i d i t y  o f  t h e  b l e n d s  w a s  obse rved  f o r  p i t c h  c o n c e n t r a t i o n s  
g r e a t e r  t h a n  LO%. 
nounced f o r  p i t c h  o b t a i n e d  f rom h i g h  s e v e r i t y  the rma l  hydroc rack ing  r u n s .  
perhaps s u g g e s t s  t h a t  t h e r e  i s  a b e t t e r  i n t e r a c t i o n  between p i t c h  and t h e  v i t r i n i t e  
of  t h e  c o a l  i n  c a s e s  where t h e  p i t c h  was t r e a t e d  under  more s e v e r e  c o n d i t i o n s  
du r ing  the rma l  hydrocracking.  
is d i r e c t l y  r e l a t e d  t o  t h e  d e g r e e  of s e v e r i t y  d u r i n g  t h e r m a l  hydroc rack ing .  
i n t e r a c t i o n  between t h e  p i t c h  and t h e  v i t r i n i t e  may t h e r e f o r e  b e  r e l a t e d  t o  t h e  
a r o m a t i c i t y  of t h e  p i t c h :  

A 

The i n c r e a s e  i n  f l u i d i t y  w a s  g e n e r a l l y  found t o  be more pro-  
Th i s  

It is e v i d e n t  f rom Tab le  1 t h a t  p i t c h  a r o m a t i c i t y  
The 

Based on some of t h e  arguments  p r e s e n t e d  above ,  t h e  f o l l o w i n g  r e l a t i o n -  
s h i p  was found t o  be c o n s i s t e n t  w i t h  t h e  d a t a  i n  Tab le  3: 

0 . 9 7  BCR s t r e n g t h  index  = 26.47 + 1 .75  Cp exp -* A3,2F, 1.5 5 CP 5 10 .4  2)  

Where Cp is d e f i n e d  a c c o r d i n g  t o  Equa t ion  l ) ,  A is t h e  a r o m a t i c i t y  of  p i t c h  d e t e r -  
mined by l 3 C  NMR and F i s  t h e  f l u i d i t y  of  t h e  c o a l / p i t c h  b l end .  
p l o t t e d  i n  F i g .  2 and w a s  found t o  have a c o e f f i c i e n t  of  c o r r e l a t i o n  of  0.89. 

Equa t ion  2) i s  

According t o  Equa t ion  2 ) ,  t h e  BCR s t r e n g t h  i n d e x  of a coke produced from 
a c o a l / p i t c h  b l end  i s  n o t  o n l y  dependent  on t h e  v a l u e  of Cp, b u t  a l s o  on t h e  
f l u i d i t y  of t h e  b l end .  Low v a l u e s  o f  Cp i n  t h e  b l end  appea r  t o  b e  d e s i r a b l e  i n  
a c h i e v i n g  good coke s t r e n g t h  p rov ided  t h e  f l u i d i t y  o f  t h e  b l e n d  is s u f f i c i e n t l y  
h i g h  t o  make t h e  e x p o n e n t i a l  term in t h e  e q u a t i o n  approach u n i t y .  
e n t i a l  term h a s  approached u n i t y ,  a d d i t i o n a l  i n c r e a s e s  i n  Cp may o n l y  c o n t r i b u t e  t o  
a d e t e r i o r a t i o n  i n  coke s t r e n g t h .  The i n t e r - r e l a t i o n s h i p  between Cp and f l u i d i t y  
bo rne  o u t  by Equa t ion  2) emphasizes  t h e  need f o r  c o n t r o l l e d  f l u i d i t y  i n  e n s u r i n g  a 
uniform and e f f i c i e n t  d i s t r i b u t i o n  o f  t h e  b i n d i n g  material th roughou t  t h e  c o a l  
d u r i n g  c a r b o n i z a t i o n .  Th i s  i s  demons t r a t ed ,  f o r  i n s t a n c e ,  i n  t h e  c a s e  of 5% 
a d d i t i o n  of  p i t c h  D t o  t h e  c o a l ,  Tab le  3. Although t h e  Cp v a l u e  was r e l a t i v e l y  
h igh ,  low f l u i d i t y  p reven ted  p r o p e r  d i s t r i b u t i o n  of t h e  b i n d i n g  material in t h e  
c o a l  d u r i n g  c a r b o n i z a t i o n ;  consequen t ly ,  a weak coke w a s  produced.  

Once t h e  expon- 

I n  o r d e r  t o  conf i rm t h i s  dependence on f l u i d i t y ,  a series o f  mic roscop ic  
The coke pro- examina t ions  w a s  made on t h e  cokes produced from t h e  c a n i s t e r  test. 

duced from t h e  c o a l  w i t h  no p i t c h  a d d i t i v e  was found t o  be p o o r l y  bonded. 
mace ra l s  were s e g r e g a t e d  w i t h i n  t h e  coke s t r u c t u r e  w i t h  l i t t l e  or no b i n d i n g  
m a t e r i a l  su r round ing  them ( F i g .  3). 
q u a l i t i e s  depending on v a l u e s  of Cp and f l u i d i t y .  Three s p e c i f i c  c a s e s  w e r e  chosen 
t o  demons t r a t e  t h i s  dependence: ( i )  c o a l  + 5% p i t c h  D, ( i i )  c o a l  + 10% p i t c h  D and 
( i i i )  c o a l  + 16% p i t c h  D. 

I n e r t  

C o a l / p i t c h  b l e n d s  produced cokes  of  v a r y i n g  

I n  c a s e  ( i ) ,  c o a l  + 5% p i t c h  D, some degree  of bonding was o b s e r v e d  
between i n e r t  mace ra l s ,  b u t  t h e  bonding was g e n e r a l l y  d i s c o n t i n u o u s  and s p o r a d i c .  
Th i s  i s  e x e m p l i f i e d  f o r  i n s t a n c e  i n  F i g .  4 .  It i s  noteworthy t h a t  f o r  b l e n d s  
hav ing  s i m i l a r  Cp v a l u e s  b u t  h i g h e r  f l u i d i t i e s ,  e .g .  c o a l  + 10% p i t c h  A,  bonding 
was found t o  be  c o n s i d e r a b l y  more un i fo rm than  t h a t  shown i n  F i g .  4. The d i f f e r -  
ence i n  bonding can t h e r e f o r e  b e  a t t r i b u t e d  t o  t h e  f l u i d i t y  of  t h e  r e s p e c t i v e  
b l e n d s .  

The coke produced from c a s e  ( i i ) ,  c o a l  + 10% p i t c h  D, w a s  found  t o  
e x h i b i t  e x c e l l e n t  bonding.  The b i n d i n g  m a t e r i a l  w a s  un i fo rmly  and c o n t i n u o u s l y  
d i s t r i b u t e d  th roughou t  t h e  coke and t h e  i n e r t  mace ra l s  were embedded w i t h i n  t h e  
coke matrix, F ig .  5. These o b s e r v a t i o n s  were c o n s i s t e n t  w i t h  t h e  r e l a t i v e l y  good 
BCR s t r e n g t h  i n d e x  o b t a i n e d  f o r  t h i s  coke. 
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The d e t e r i o r a t i o n  i n  coke s t r e n g t h  observed  f o r  c a s e  ( i i i ) ,  c o a l  + 16% 
p i t c h  D, was a t t r i b u t e d  t o  t h e  development of micro-cracks w i t h i n  t h e  coke  s t r u c -  
t u r e ,  Fig.  6 .  The mechanism by which t h e s e  c r a c k s  form is  n o t  w e l l  unders tood ,  
b u t  could perhaps  r e s u l t  f rom a n  e x c e s s  of b i n d i n g  m a t e r i a l  between the  i n e r t  
m a c e r a l s  of t h e  c o a l ,  t h e r e b y  weakening the  o v e r a l l  s t r u c t u r e .  

From t h e  t h r e e  c a s e s  c o n s i d e r e d ,  i t  i s  e v i d e n t  t h a t  coke s t r e n g t h  can  be  
c o r r e l a t e d  t o  t h e  mic . ro-s t ruc ture  o f  t h e  cokes.  The coke  q u a l i t y  a p p e a r s  to b e  a 
complex f u n c t i o n  of t h e  amount of p i t c h  added,  t h e  physico-chemical  p r o p e r t i e s  of 
t h e  p i t c h  and t h e  f l u i d i t y  of t h e  c o a l / p i t c h  b l e n d .  

It  should  be  emphasized t h a t  t h e  arguments  p r e s e n t e d  i n  t h i s  paper  apply  
s p e c i f i c a l l y  to  i n e r t - m a c e r a l  r i c h ,  low f l u i d ,  h i g h  rank  c o a l s .  Equat ion  2)  h a s  
so  f a r  only heen t e s t e d  f o r  t h i s  p a r t i c u l a r  type  of c o a l .  I t  is p o s s i b l e  t h a t  
o t h e r  c o a l s  may y i e l d  r e s u l t s  t h a t  do n o t  conform e x a c t l y  to t h i s  e q u a t i o n .  For  
i n s t a n c e ,  t h e  c o a l  used i n  t h i s  work had no i n h e r e n t  f l u i d i t y ,  and c o n s e q u e n t l y  a 
term f o r  the  f l u i d i t y  of  t h e  c o a l  i t s e l f  does not  a p p e a r  i n  t h e  e q u a t i o n .  However 
Equat ion 2 )  does  d e m o n s t r a t e  t h e  s t r o n g  i n t e r - r e l a t i o n s h i p  between t h e  c o n t r i b u t i o n  
of b i n d i n g  m a t e r i a l  made by t h e  p i t c h  and t h e  f l u i d i t y  of t h e  b l e n d .  

CONCLUSIONS 

High rank c o a l s  f rom w e s t e r n  Canada which are r i c h  i n  i n e r t  m a c e r a l s ,  
g e n e r a l l y  r e q u i r e  a p i t c h  a d d i t i v e  t o  produce m e t a l l u r g i c a l  g r a d e  coke .  P i t c h  
c o n c e n t r a t i o n  i n  t h e  c o a l l p i t c h  b lend  d i c t a t e s  b o t h  t h e  amount of b i n d i n g  m a t e r i a l  
made a v a i l a h l e  t n  t h e  c o a l  and the  f l u i d i t y  of t h e  b lend .  Both t h e s e  p a r a m e t e r s  
depend on t h e  phys ico-chemica l  p r o p e r t i e s  o f  t h e  p i t c h  and on t h e  e x t e n t  of i n t e r -  
a c t i o n  between t h e  p i t c h  and  t h e  c o a l .  

I n  o r d e r  t o  p r o d u c e  good q u a l i t y  coke f rom a c o a l / p i t c h  b l e n d ,  t h e  b lend  
must possess  s u f f i c i e n t  f l u i d i t y  t o  e n s u r e  a uni form and c o n t i n u o u s  d i s t r i b u t i o n  
of b i n d i n g  m a t e r i a l  th roughout  t h e  c o a l .  I n e r t  m a c e r a l s  of t h e  c a1  must be  
a d e q u a t e l y  wet ted  and bonded t o g e t h e r .  
p i t c h  is added i n  s u F f i c i e n t  amount t o  g e n e r a t e  a c o n t r o l l e d  f l u i d i t y  w i t h  enough 
b i n d i n g  m a t e r i a l  t o  a g g l o m e r a t e  t h e  coke. I f  added i n  l a r g e  amounts ,  t h e  p i t c h  can 
have  d e l e t e r i o u s  e f f e c t s  on t h e  r e s u l t a n t  coke .  The r e a s o n  why too much p i t c h  
weakens the s t r u c t u r e  i s  n o t  w e l l  u n d e r s t o o d ,  b u t  a p p e a r s  t o  be r e l a t e d  t o  t h e  
development of  microcracks  w i t h i n  t h e  coke m a t r i x .  

9 .  Optimum coke s t r e n g t h  i s  a c h i e v e d  when 
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FLGUKE 3 :  Opt ica l  Micrograph o f  Coke F I G U R E  4 :  Opt ica l  Micrograph of Coke 
Proauced from Coal With No Produced trom Coal + 5% P i t ch  
Additive Showing Poor bonding D .Showing Discontinuous Bonding 
Between Fused V i t r i n l t e  (FV) of Fused Mass (FPI) With Fusini-  
and Oxidizcd V i t r i n i t e  (OV) t i c  S t ruc tu re  (F) 

FIGURE 5 :  Optical  Micrograph of Coke FIGURE h :  
Produced from Coal+ 10% P i t c h  
D Showing Excel lent  Bonding 
of F u s i n i t i c  S t r u c t u r e  (F)  
by Fused Mass (FM) 
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Opt i ca l  Micrograph of Coke 
Produced From Loa1 + 167, Pi t ch  
D Showing Development of  Micro- 
cracks Within Fused Mass (FM) 


